This study assessed whether the neonatal brain recruits different neural networks for native and nonnative languages at birth. Twenty-seven one-day-old full-term infants underwent functional near-infrared spectroscopy (fNIRS) recording during linguistic and non-linguistic stimulation. Fourteen newborns listened to linguistic stimuli (native and non-native language stories) and 13 newborns were exposed to non-linguistic conditions (native and non-native stimuli played in reverse). Comparisons between left and right hemisphere oxyhemoglobin (HbO 2 ) concentration changes over the temporal areas revealed clear left hemisphere dominance for native language, whereas non-native stimuli were associated with right hemisphere lateralization. In addition, bilateral cerebral activation was found for nonlinguistic stimulus processing. Overall, our findings indicate that from the first day after birth, native language and prosodic features are processed in parallel by distinct neural networks.
Introduction
In 1861, Dr. Pierre Paul Broca discovered that language functions are located mainly in the left cerebral hemisphere. Subsequently, many studies have investigated language dominance and brain correlates associated with language processing. For instance, the anatomical studies by Geschwind and Galaburda revealed a structural left-right asymmetry in language brain regions (Broca's area), suggesting left hemisphere dominance in the human brain (Galaburda et al., 1978) . In a positron emission tomography (PET) study, Zatorre and Belin proposed that the left hemisphere specialization for linguistic processing could be related to structural differences between the two hemispheres (Zatorre and Belin, 2001 ). This interpretation is supported by several anatomical studies which confirmed that, compared with the right hemisphere, the left hemisphere has larger pyramidal cells and myelinated axons, allowing faster and more efficient processing of linguistic information in the left hemisphere (Galuske et al., 2000; Hutsler, 2003) .
It is now well established, at least in healthy adults, that receptive and expressive language processing is associated with left cerebral hemisphere dominance (Pujol et al., 1999; Springer et al., 1999) . However, the origin of this hemispheric specialization remains controversial. Some authors suggest that language is genetically coded, implying that the neural networks underlying language functions are present at birth, and that these functions are therefore innately lateralized (Dehaene-Lambertz et al., 2002; Glasser and Van Essen, 2011; Mehler et al., 1994; Pena et al., 2003) . Others propose that hemispheric specialization develops gradually during childhood through exposure to language stimuli in the environment (Booth et al., 2000; Staudt et al., 2000; Wood et al., 2004) .
To explore these two proposals, many behavioral measures have been used to investigate linguistic information processing in infants. Among others, Mehler and colleagues observed higher sucking amplitude when neonates listened to their native language, suggesting a preference for native over non-native language (Mehler et al., 1988; Moon et al., 1993) . Similarly, in an electrophysiological (EEG) study, Peña et al. (2010) found that both preterm and full-term infants showed higher gamma-band response to their native language (Spanish) compared to languages with either a similar rhythmic pattern (e.g., Italian) or a very different rhythmic pattern (e.g., Japanese) about six months after term. In a subsequent EEG study including 9-and 12-month-old preterms and full-terms, they also found that the mismatch response related to non-native phonetic contrast discrimination decreases with age, and that, similarly in both preterm and fullterm groups, suggesting that longer speech exposure due to premature birth does not accelerate language processing development, which seems to be constrained by brain maturation factors (Pena et al., 2012) .
Behavioral and electrophysiology studies have generally examined speech perception and processing, but have not appraised brain correlates of these early language abilities. Where in the infant's brain does this take place? Although neuroimaging investigations are crucial for bridging the gap between brain and behavior, few have been conducted in infants, mainly due to technical limitations. For instance, most neuroimaging techniques, including functional magnetic resonance imaging (fMRI), have poor tolerance for movement and sometimes require sedation during data acquisition. In contrast, functional near-infrared spectroscopy (fNIRS), another noninvasive functional neuroimaging technique, has no major restrictions on movement, making it suitable for investigations in newborns and young children (Paquette et al., 2010; Sato et al., 2012; Wilcox et al., 2005) .
In an fNIRS study, Peña et al. (2003) compared brain responses to normal speech (forward speech), reverse speech (backward speech) and silence, in 12 full-term neonates aged from two to five days. They found that forward speech activated the left temporal region more than the homologous region in the right hemisphere. Furthermore, forward speech induced a significantly greater left cerebral hemisphere response compared to backward speech or silence. Similar results were reported by Dehaene-Lambertz et al. (2006) in three-month-old infants exposed to forward and backward native language during fMRI. Similarly, significant left lateralized responses to speech compared to bilateral brain responses to music stimuli were found in two-to three-month-old infants using fMRI (Dehaene-Lambertz et al., 2010) and in certain newborns aged from one to two days using fNIRS (Kotilahti et al., 2010) . Overall, previous studies suggest left hemispheric dominance for language processing in infants. However, the results do not clearly establish whether processing speech, or human voice, evoked left-lateralized brain responses. Mehler et al. (1988) and Ramus et al. (2000) argued that, although forward and backward speech share similar acoustic characteristics, only forward speech can be related to the human voice, because reverse speech cannot be physically produced by the human vocal tract. Therefore, in previous studies, the left hemisphere dominance in response to normal compared to reverse speech could be related to recognition of the human voice, and not to language processing.
In addition, most studies have focused on young infants' neural responses to native language (Dehaene-Lambertz et al., 2006; Fava et al., 2014; Minagawa-Kawai et al., 2011) , leaving open the question of how responses may have been driven by language experience, especially when infants were assessed several months after birth. Using fNIRS, Minagawa-Kawai et al. (2011) reported that by four months, Japanese infants show a left-lateralized response to native (Japanese) and non-native (English) language compared to non-speech conditions (emotional sounds, monkey vocalization, and scrambled sounds). Furthermore, these authors reported greater left hemisphere activation for native compared to non-native language, suggesting that four-month-old infant brains are already attuned to their native language. However, it remains unknown whether newborns show a similar difference in neural responses at around 24 h after birth.
A few recent fNIRS studies have investigated cerebral responses to linguistic and non-linguistic sounds in newborn infants. In 2012, Sato et al. showed higher left temporal activation in response to forward Japanese compared to backward Japanese and forward English in 17 Japanese newborns aged from one to seven days, suggesting a neural preference for certain sound features of the native language. This was interpreted as the result of prenatal and/ or postnatal exposure to native language. However, these findings were not replicated by May et al. (2011) , who reported that native (English) and non-native (Tagalog) language elicited bilateral activation patterns in neonates aged zero to three days. Furthermore, forward and backward English stimuli elicited similar activation patterns. Several limitations may account for the discrepant results between these studies. First, the two studies used different types of stimuli: May et al. (2011) used low-pass filtered stimuli at 400HZ, to remove surface acoustic and phonetic cues while maintaining rhythmic structure and prosody, whereas Sato et al. (2012) used normal speech. Second, the authors reported that the small number of usable data sets acquired in both studies (only 2-6 artifact-free trials per stimulus condition per neonate) could have influenced the reliability of the findings. Finally, both studies indicated that the neural correlates of language processing remained uncertain due to the variation in the cap position on the neonate's head: in Sato et al. (2012) , the regions showing language-related brain responses differed across infants, and in May et al. (2011) , the absence of hemispheric lateralization for native language might be explained by the misplacement of probes over language processing regions. In sum, questions regarding inborn hemispheric specialization for native and non-native languages remain unresolved due to methodological and technical issues.
The goal of the present study was to investigate cerebral networks for native (French) and non-native (Arabic) languages at birth. Both languages were presented in stories read by the same speaker to control for voice cues. Non-linguistic conditions (backward speech) for each language were also used to control for acoustic properties. French and Arabic were selected because they differ in terms of rhythm: French is a syllable-timed language and Arabic is a stress-timed language (Ramus et al., 1999) . Differences in acoustic properties allow newborns to easily discriminate between languages. In fact, a number of behavioral studies have demonstrated that newborn infants can discriminate between languages from different rhythmic classes based on prosodic and rhythmic information (Mehler et al., 1988; Nazzi et al., 1998; Ramus et al., 2000) .
Materials methods

Participants
Twenty-nine full-term newborns (17 males and 12 females with gestation age between 38 and 41 weeks (mean: 38.5 7 1.5) aged from 15 to 37 h after birth (mean: 28 h 7 6.75) were recruited. All parents of the newborns were native French speakers. Parents underwent a structured interview, and newborns were examined, including Apgar and measurements of weight (mean: 3394 g 7525), newborns were healthy and had normal auditory function. Selection criteria included gestational age from 37 to 42 weeks, Apgar score48 in the first, fifth, and tenth minute after birth, and absence of bilirubinemia, encephalopathy, and gestational diabetes. Two newborns were excluded because their data revealed motion-related artifacts due to crying during fNIRS recording. Data from the remaining 27 newborns (15 males, 12 females) were included for analysis. This project was approved by the scientific and ethics committees of the University of Montreal Sainte-Justine Research Hospital center. All parents gave their written informed consent prior to the study.
Procedure
All newborns underwent fNIRS recording before being discharged from the neonatal unit. Data were acquired in a dimmed, sound-proof room. Due to time constraints, linguistic and non-linguistic conditions (forward and backward, respectively) were presented to two separate groups of newborns, because presenting both conditions to the same participants would have been too long for newborns. Therefore, 14 newborns (7 boys, 7 girls) listened to a story read in French (parents' native language) and in Arabic (non-native language) presented in normal speech (forward condition). A second group of 13 newborns (8 boys, 5 girls) were tested with the same utterances played in reverse (backward condition). The entire testing session, including fNIRS installation, data acquisition, and resting periods, lasted 80 min or less. To control for the behavioral state of the newborn, the recording would only take place while the newborn was in a quiet state of sleep. During the session, newborns were comfortably asleep on a cushion placed on their father's lap. A pediatric nurse was always present to ensure that the newborns were adequately positioned to hear the stimuli (no objects or cushion close to the ears). MatLab 7.0.4. was used to deliver the stimuli to the newborns binaurally through two speakers positioned at 114 cm from the left and right ear, respectively. The stimulus presentation order for French and Arabic was counter-balanced between participants for both the forward and backward condition. The stimulation sequences for each language were presented alternately using a block design paradigm. Each block consisted of a series of three consecutive stimuli in French or Arabic, for a total of 36 stimulation periods (French¼ 18; Arabic¼18). Each block consisted of a 20-s baseline period followed by 20 s of stimulation (French or Arabic; forward or backward) and a 40-s resting period. The time course for each block is presented in Fig. 1 . The total stimulation time was 40 min for both French and Arabic in either forward or backward condition.
Stimuli
The story Snow White was recorded in the native language (forward French: Ffwd) and non-native language (forward Arabic: Afwd) by a bilingual female reader using Cool Edit Pro™ software. Stories were edited into 20-s sequences. Utterances were adjusted to 64-76 dB intensity. Acoustic analysis of the fundamental voice frequency (F0) showed no difference between French (Min F0 ¼71 Hz; Max F0 ¼580 Hz; Mean F0 ¼218 Hz) and Arabic (Min F0¼ 72 Hz; Max F0 ¼585 Hz Mean F0 ¼228 Hz). Backward French (Fbwd) and Arabic (Abwd) conditions were generated using Speech Editor (Adobe Audition 3.0) by time-reversing the French (Ffwd) and Arabic (Afwd) forward conditions.
fNIRS data acquisition
fNIRS data were collected using an Imagent oxymeter (ISS Inc., Champaign, Ill, USA) equipped with two PMT detectors and 16 laser diodes at 690 nm and 830 nm wavelength, and modulated at 110.0 MHz. The light-emitting diodes were placed on the infant's scalp using two flexible 10 cm Â 5 cm patches (Fig. 2a) . Each patch held eight light sources (4 sources at 690 nm, 4 sources at 830 nm) and one detector horizontally aligned, for a total of four recorded channels over each temporal area. The source-detector standard distances were set at 1.5, 2.0, 2.5, and, 3.0 cm, allowing to record brain signal from various depths and locations in both temporal lobes thus covering Wernicke's area and its right counterpart. To accurately position the probes on the receptive language areas (Brodmann area BA 22), we placed the patches according to the international 10/20 system. The patches were placed horizontally on each side of the head between T3-T5 (left temporal) and T4-T6 (right temporal), detectors were specifically placed on T5 and T6 sites. Patches were held in place with a soft, adjustable headband designed especially for infants (Fig. 2b) . All patches were installed by the same senior electrophysiologist for consistent probe localization across participants. Optical intensity (DC), modulation amplitude (AC), and phase data were acquired at a 19.5312 Hz sampling rate using Boxy (ISS Imagent).
fNIRS data analysis
NIRS optical intensity (DC) data were pre-processed using P-POD software (Cognitive NeuroImaging Lab, Beckman institute, University of Illinois). The raw hemodynamic signal was normalized by dividing each value by the mean value across time points for each block and channel. Data were corrected for the effects of vascular pulsation (Gratton and Corballis, 1995; Gratton and Fabiani, 2006) . Pulse corrected data were filtered using a low-pass (zero phase shift) Butterworth filter with a cut-off frequency at 0.0512 Hz. Artifacts were rejected by withdrawing segments with amplitude smaller than 100 DC or a standard deviation greater than 0.5. To obtain hemodynamic data, the modified Beer-Lambert Law with a differential path length factor (DPF) adjusted to newborns was applied to artifact-free segments (Duncan et al., 1995) . The data was composed of three hemoglobin values: the deoxyhemoglobin (HbR), oxyhemoglobin (HbO 2 ) and total hemoglobin (HbT). Oxyhemoglobin (HbO 2 ) concentration changes were selected for further analysis because they provide the most robust signal-to-noise ratio across infants (Sato et al., 2012) . HbO 2 concentration changes fromÀ 5 s before stimulus onset to 30 s after stimulus onset were averaged across artifact-free trials for each stimulus condition for all participants. The average number of good segments included in each stimulus condition was: Ffwd (n¼ 14 7 2); Afwd (n ¼14 7 2); Fbwd (n¼ 12 7 4); and Abwd (n ¼14 7 3). To account for interindividual variability in HbO 2 concentration changes across all participants, Z-score normalization was applied to both left and right temporal areas for the forward and backward conditions. Computed averages were co-registered and projected onto a newborn template for topographical distribution (Kazemi et al., 2007) .
Statistical analysis
Data from 27 newborns (15 males, 12 females) were retained for statistical analysis: 14 full-term newborns (7 boys, 7 girls) exposed to forward conditions (Ffwd and Afwd) and 13 full-term newborns (8 boys, 5 girls) exposed to backward conditions (Fbwd and Abwd). Data normality tests, such as Shapiro-Wilk's test (p4.05) and visual inspection of the data in histograms, showed that HbO 2 concentration changes associated with each condition (Ffwd, Afwd, Fbwd, and Abwd) over the left and the right hemispheres were not normally distributed. Therefore, we first performed a nonparametric test to identify significant activations and maximum HbO 2 concentration peaks occurring within the 0-to 30-s time window after stimulus onset compared to baseline (time window:À 5 to 0 s before stimulus onset) for each condition (Ffwd, Afwd, Fbwd, and Abwd) and each region (left and right temporal area). Permutation tests consisted of forming two groups by randomly assigning values of the tested variable from any of the two compared samples (0-30-s post-stimuli and baseline time windows). The test statistic that measures the difference between these groups is computed for each random grouping, which allows us to obtain its empirical distribution under the null hypothesis of no difference between conditions (Lage-Castellanos et al., 2010). In all, 500 permutations under the null hypothesis were conducted independently on the time series for Ffwd, Afwd, Fbwd, and Abwd for the left and right temporal regions separately (Tremblay et al., 2014) . Maximum HbO 2 concentration peak values were exported to SPSS 17.0 software (SPSS Inc., Chicago, IL, US) to investigate language (French vs. Arabic) and region (Left vs. Right temporal areas) differences for the forward and backward conditions using nonparametric Wilcoxon signed-rank test.
Results
Fig. 3 shows hemodynamic changes in response to each stimulus condition (a) and the permutation test results for each stimulus condition (b).
The typical cerebral activation recorded over the temporal regions in response to each stimulus condition was characterized by an increase in HbO 2 concentrations beginning at stimulus onset and reaching its maximal activation between 9-to 12-s after stimulus onset. The maximal HbO 2 concentration maintains a plateau for 3-to 5-s and returns to baseline around 15-to 19-s after stimulus onset.
In the forward French condition (Ffwd), the permutation test results on HbO 2 data for the comparison of maximal cerebral activations to the baseline revealed significant concentration changes over the left temporal (LT) area at the maximum peak at 11 s (Mean ¼ 11.007 3.62; permutation test, p ¼0.001), whereas no significant HbO 2 concentration changes were found over the right temporal area (RT) (permutation test, p ¼0.494). The Wilcoxon signed-rank test revealed significantly higher HbO 2 concentration changes in the LT compared to RT area in the Ffwd condition (Z¼ À2.73, p¼ 0.006, r ¼ À0.78).
For the forward Arabic condition (Afwd), the permutation test revealed significant concentration changes over the RT area at the maximum peak at 10 s (Mean ¼9.85 74.19; permutation test, p ¼0.011), with no significant HbO 2 concentration changes over the LT area (permutation test, p ¼0.578). The Wilcoxon signedrank test showed significantly greater HbO 2 concentration changes over the RT compared to LT area in the Afwd condition (Z¼ À2.42, p ¼0.016, r¼ 0.65).
Permutation test results for backward conditions indicated significant HbO 2 concentration changes over LT and RT areas in both Fbwd (LT maximum peak at 11 s (Mean¼11.2373.17, p¼0.025; RT at 10 s (Mean¼ 10.4874.65, p¼ 0.001) and Abwd condition (LT maximum peak at 10 s; Mean¼10.4673.20, p¼0.001; RT at 10 s (Mean¼ 10.6274.43, p¼ 0.001). The Wilcoxon signed-rank test revealed bilateral activations, indicating no hemispheric differences for Fbwd and Abwd condition ((Z¼ À1.63, p¼0.130, r¼ À0.52); (Z¼ À1.22, p¼ 0.221, r¼ À0.34), respectively).
Discussion
Although many studies have provided evidence that the left cerebral hemisphere is more responsive to native language than both non-native language and non-linguistic stimuli in adults and infants (Minagawa-Kawai et al., 2011; Paquette et al., 2015; Pena et al., 2003; Sato et al., 2012) , it remained unclear whether left hemisphere language dominance is innately pre-programmed for language processing, or whether left hemisphere language dominance is developed through language learning. To our knowledge, this is the first study to investigate early language development and hemispheric specialization using native and non-native languages in one-day-old newborns while using the same voice and controlling for voice acoustic features in the two languages. Due to their very young age, the newborn participants had extremely limited postnatal exposure to their native language compared to the newborns aged a few days in previous studies (May et al., 2011; Sato et al., 2012) .
Our fNIRS findings showed that, within hours after birth, newborns processed their native language (French forward) differently, and with a specific brain activation pattern, compared to non-native language (Arabic forward) and non-linguistic stimuli (French and Arabic backward). Analyses of HbO 2 concentration changes revealed that native language is preferentially processed in the left temporal (LT) compared to the right temporal (RT) area. In contrast, non-native language induced a greater response over the RT compared to the LT area. Finally, as in previous studies (Dehaene-Lambertz et al., 2010; Kotilahti et al., 2010) , non-linguistic stimuli (backward speech) elicited bilateral temporal responses.
Our results provide new evidence that left hemisphere specialization is already established at birth, or at least within the first 24 h following birth. In addition, the greater LT response to native language and greater RT response to non-native language in the newborn's brain revealed a hemispheric functional asymmetry. These results suggest that recognizable native language stimuli are already preferentially treated in the left hemisphere at birth, whereas Arabic, a contrastive language presenting a different rhythm and intonation pattern as well as a different phoneme inventory, is preferentially processed in the right hemisphere. In a study using fNIRS in four-year-old children, Wartenburger et al. (2007) reported that processing pure prosodic information elicited greater right hemisphere activation, whereas the perception of normal language with full linguistic content elicited greater left hemisphere activation. Early right hemisphere specialization for prosodic information has also been reported in newborns using electrophysiology (Sambeth et al., 2008) and in three-month-old infants using fNRIS (Homae et al., 2006) . Moreover, combining EEG and fNIRS analysis, Telkemeyer and colleagues found in newborns (2-6 days old) a predominant right hemisphere involvement in processing slow acoustic modulations such as prosodic information, and an increased response to fast acoustic modulations in the left hemisphere, especially in the range that is relevant for phoneme perception (Telkemeyer et al., 2009) . Previous results and ours therefore suggest that linguistic and prosodic language properties are processed in parallel through specific functional cerebral activation in the left and right hemisphere, respectively.
This early left lateralization for native language in our sample of newborns is consistent with the results of a previous behavioral study in which a native language preference was interpreted as due to a familiarity effect related to the rhythmic properties of the native language (Moon et al., 1993) . Moreover, this familiarity effect is thought to be an early prerequisite for language acquisition (Kisilevsky et al., 2003) . From a previous study conducted in our laboratory, we showed that one-day-old newborns could discriminate between the mother's and a stranger's voice by differentially processing the same speech stimulus, namely the single Fig. 2 . Emitter-detector placement. a) Placement of the flexible patch on the right side of a newborn's head. The detector was placed at the T6 recording site according to the international 10/20 system. Standard emitter-detector distances were 1.5, 2.0, 2.5, and 3.0 cm. b) Patches were held in place with a soft headband. Fig. 3 . Hemodynamic changes in response to each stimulus condition. a) Grand average hemodynamic fNIRS responses across newborns over right temporal (red lines) and left temporal (blue lines) brain areas. Oxyhemoglobin (HbO 2 ; solid line), total hemoglobin (HbT; lighter dashed line), and deoxyhemoglobin (HbR; dashed line) concentration changes while newborns listened to linguistic (native language: forward French; and non-native language: forward Arabic) and non-linguistic (backward French and backward Arabic) stimuli for a 30-s time window, which was preceded by a 5-s pre-stimulus onset. Significant differences between LT and RT areas (pr0.05) are identified with *. For the native language stimulus, significantly higher HbO 2 responses were found in the LT compared to the RT area. In contrast, for the non-native language stimulus, HbO 2 concentration changes were significantly greater in the RT than LT area. No interhemispheric differences were found in response to the backward French or backward Arabic condition. b) Permutation tests on HbO 2 concentration changes comparing maximal cerebral activation during stimulation with baseline (5-s pre-stimulus onset) over the left and right temporal areas for each stimulus: forward French, forward Arabic, backward French, and backward Arabic. Results indicated that response in forward French condition was significantly greater than the baseline over the LT area but not significant in the RT area. In contrast, for forward Arabic (non-native language), significant activation was found in the RT but not in the LT areas. The non-linguistic conditions (backward French and backward Arabic) evoked significant HbO 2 activations in both temporal regions. HbO 2 concentration higher than 1dConc (a.u) was considered significant at (pr0.05), and significant differences (pr0.05) are identified with *. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.) vowel "A," which contains little or no rhythmic information (Beauchemin et al., 2011) . Stimuli were processed in the left hemisphere for the mother's voice and in the right hemisphere for the stranger's voice. Similar to the native language in the current study, the mother's voice activated the left language areas, whereas the non-native language and the stranger's voice activated the right cerebral areas. Overall, previous and present findings suggest that newborns can recognize familiar linguistic stimuli, either a familiar voice or a familiar language, which are processed by dedicated neural networks located in left hemisphere language areas.
Compelling studies have shown that newborns and foetuses have a preference for the rhythmic properties of familiar, compared to unfamiliar, linguistic stimuli. This preference suggests an early onset of speech perception in the pre-and post-natal periods. Indeed, auditory learning starts as early as the third trimester of gestation (Hepper, 1997; Shahidullah and Hepper, 1994) . In the present study, it is possible that the preference found in our newborn participants for the native language results from exposure to familiar language during the gestational period. Results from behavioral studies in foetuses have reported evidence of an early onset of voice perception and recognition during the prenatal period (Kuhl, 1988; Lecanuet et al., 2002; Lindblom, 1992) . Another study conducted with 38-week pregnant women revealed that prior to delivery, the foetuses showed a significant increase in their heart rate when hearing their mother's voice compared to a significant decrease when hearing a stranger's voice (Kisilevsky et al., 2003) . These results indicate that foetuses could discriminate and respond preferentially to familiar stimuli (the mother's voice). In an electrophysiological study, Partanen et al. (2013) found that mismatch responses (MMRs) in five-day-old infants who had been exposed to pseudowords during the foetal period (starting from 29 weeks of gestation until birth) have significantly stronger MMRs compared to infants who had not been exposed to those stimuli before birth. Overall, these findings suggested that neural networks related to familiar linguistic processing are already present during the prenatal period. However, further neuroimaging studies are needed to appraise brain correlates and hemispheric lateralization of these early language abilities.
In an fNIRS study, Mahmoudzadeh et al. (2013) have reported that in premature infants born 3-months before term (28-to 32-week gestational age), the syllable stimuli (BA vs. GA) elicited faster and more sustained responses over the left compared to the right temporal regions. Moreover, the discrimination between a female and a male voice was processed in the right frontal region. These findings suggested that the immature brain is already sensitive to phonemes and voices at the early onset of cortical organization. Although these preterm infants were evaluated three days after birth, they were isolated in an incubator in the intensive care unit, and have had less post-natal exposure to their native language than full-term infants. The authors therefore concluded that at least part of speech processing abilities in their preterm participants are innate. Nevertheless, future studies are needed to confirm if the human developing brain is genetically coded for language functions.
Conclusions
In sum, our results suggest that within the first day of life, linguistic and prosodic language properties are processed in parallel, involving distinct neural networks. However, further maturational brain studies are needed before we fully understand the development of neural circuitry and hemispheric specialization involved in the processing of native and non-native languages.
